Abstract: A single-photon source based on single CdSe quantum-dot fluorescence in a chiral-photonicbandgap liquid-crystal host manifests itself in observed fluorescence antibunching. Single quantum-dot fluorescence imaging inside different types of organic photonic bandgap microcavities is also presented. The development of a usable single-photon source (SPS) with photons exhibiting antibunching has recently been of significant interest for its applications in quantum information, such as quantum cryptography, quantum communication and optical quantum computation.
The development of a usable single-photon source (SPS) with photons exhibiting antibunching has recently been of significant interest for its applications in quantum information, such as quantum cryptography, quantum communication and optical quantum computation.
Meanwhile, colloidal quantum-dot (QD) based devices have become the focus of great attention. Light emitting diodes and single-photon sources on demand based on QD fluorescence [1] are very promising because of higher photostability at room temperature than that of the conventional dyes and relatively high quantum yield. Moreover, QDs of specific size and composition can fluoresce at the optical communication wavelength 1.55 μm. To increase spontaneous emission of QDs, microcavities including photonic crystals [2] [3] [4] can be used.
In this paper, we report experimental results of a novel single-photon source based on a single CdSe QD suspended in two types of 1-D photonic bandgap microcavities. The first microcavity is a liquid crystal host selfassembled in a chiral photonic bandgap structure. This structure can provide not only spontaneous emission enhancement and a diminishing of the fluorescence lifetime, but also circular polarization of definite handedness even for emitters without a dipole moment. A desirable feature for a SPS is deterministic photon polarization, so that losses are not introduced by using polarizers to encode information in a quantum cryptography system. In addition, 1-D chiral photonic bandgap structures possess another advantage over conventional 1-D photonic bandgap technologies. Because the refractive index n varies gradually rather than abruptly in chiral structures, there are no losses into the waveguide modes, which arise from total internal reflection at the border between two consecutive layers with different n. We report here for the first time fluorescence antibunching of a QD doped in a liquid crystal photonic bandgap material. Earlier we reported both fluorescence antibunching and deterministic polarization of fluorescence of the dye (both linear and circular) in aligned liquid crystal hosts [5] [6] . By properly choosing the composition of different liquid-crystal monomers and providing planar alignment of the liquid crystal, we developed cholesteric liquid-crystal (CLC) hosts which form a chiral photonic bandgap tuned to the fluorescence band of the CdSe QD.
The samples were prepared by mixing a highly diluted solution of CdSe QDs with a monomeric (fluid-like) CLC. CLCs with different pitch of chiral structure were prepared by selection of proper concentration of chiral additive CB15 in nematic E7. The QD-doped CLC was placed between two cover glass slips and planar aligned through uni-directional mechanical motion between the two slides. The second type of photonic bandgap structure doped with single CdSe/ZnS core/shell QDs from Evident Technologies was prepared using solution processing. Fluorescence maximum of these QDs is approximately at the wavelength of 620 nm. The details of structure preparation were reported in Ref. 3 . The distributed Bragg reflectors (DBR) were fabricated by spin coating alternating quarter wavelength thickness layers of polymers with different refractive indices (poly-vinylcarbazole (PVK) and poly-acrylic acid) [3] . Greater than 90% reflectivity was obtained using ten periods of the DBR structure. The 1-D microcavity was formed by sandwiching a λ/n thick defect layer with single QDs between two such DBRs. The top and bottom DBRs both comprise of ten periods. Figure 3 (a) shows the reflectivity of the whole structure (DBRs with a defect layer between them) with the cavity mode at ~620 nm. The quality factor (Q) of such a microcavity was found to be ~40. The inset of Figure 3 (a) shows the normalized reflectivity spectra of the DBR with ten periods without any defect layer. Fluorescence imaging of single QDs in a DBR structure with a defect layer [ Figure 3 (a) ] is shown in Figure 3 (b). QDs were mixed with a defect layer polymer solution and spin coated onto the bottom DBR structure (QD concentration in solution was ~7.7 nM). It was reported earlier for high concentration of CdSe/ZnS QDs [3] that the photoluminescence decay time τ of the QDs in a microcavity was ~150 ps. For QDs on a bare glass and embedded in PVK without a bandgap structure τ was found to be ~1000 ps and ∼400 ps respectively [3] . 
